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FABRIC CLEANING mmH)hnim> lom^^imm smiimn sf>N' variants 

I£.C.H.NjCAl..FELD 
The present invention reiated to fabnc deaning compositions 
5 compnslng protease enzymes Vvhich a-e subtHis^n variants, 

Ensymes rngke up the iaroest ciass of naturally occurring proteins. 
Each dass of er^zyrr^e generaliy catalyzes Caccslerates a reaction v^hout 
being comumed| a dllfsrent kind of diemica! reacstlon. Oris class of 

10 enzymfes known as proteases, ar^ known for thsir ability to hydroiyz® {break 
dowr? a compound into two or rmm simpter compounds with the uptake of 
the H and OH parts of a water motecula on either side df the ciiamica! bond 
cleaved) other proteir^s. This atsllity to hydrolyze pfoiains has baan taken 
advantage of by incorporating naturally occuning and protein angineafed 

15 proteases as an additive to l-mnary detergent preparations. Many stains on 
dotlies are protelnacsous and wids-spscificity proteases can sutjstajitially 
i?Tiprov0 rafinoval of such stains, 

Unfonunateiy, the efficacy levei of thsse proteins in thgsr rjatural. 
bacteria! environment, frequently does not translate into the resstively 

2D unnatural wash environment, Spedficaliy, protease characteristics such §s 
thermal stability, pH stabsllty, oxidative stability and substrate specificity are 
fK>t necessarily optifnsssasi for iSslisetion outside the natural envlft)nrnent of 

Tfie amino acid sequemfs of the protease determines the 
oharasiensties of ^a ps^otease. A cha?t§e of the aititno acid sequence the 
protease may altar the properties of the enzyme to vaf>'ing degrees, or may 
svan inactivate the enzyme, depending upon the locatlo.n, nstura and/or 
magnitude of the cnange in the amino acid sequence Several approaches 
have been taken to alter the sv^ld4ype a.mino acid sequence of proteases in 

30 an attempt to improve their properties, with the goai of incressing ths 
efficacy of the protease in the wash environment. These approachSiSi 
include altering the amif\o add mquB(\CB lo enhance themial stability and to 
improve oxjdatson stability under quite diverse conditions. 

Despite the variety of approaches described in the art, there is a 

3S continuing need for compositions comprising affactive variants of proteases 
useful for cleaning fabric surfaces. 
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Oir^ects of tng^rese nt snygntson 
it fs an object of the oresent invention to provide tabnc cSeantrig 
composftfons comp ising But>t! is n enzync vana^ts 

mumm 

S r p>.^i^'r iiKsn o <.ce -cno-^" hc-^s :ompriS}ng subtjiisn 

8s- N ^.a- an^s tnr cle-^^nrg fabnc su-fack-s- The N' vanante useful n 
these compositions compnse ai least on®, two or mree amino acsd cx>s!tions 
having a different amino sad than that occurnng sn w Id type subtilfssn BPH' 
(j.e.. substftution) soecifically idsntsfied positions, whereby the 8PM' 
10 variant has decreased adsorption to. and increased hydrotysJS csf an 
<nso!ubl>^ s«b$t'':te as comwared to t'^e vviid t>£?e Svjbti ts'n B?H 
DESCRiPTiOM 

5 S jlt! i§ n V«[,tT^l Utf !i'll::Lf:ii?if '^^C'l'^Cl^Sl Cojrposit.ons 

T*-!<, i'^'ft-'iion relates to fsoric Cig^aning comOv'SSitf^ns comp sing a 

16 b i-^i'^ enry D^rtic fi^'' 81- N thc-t hs^s Deen nod.f'S^d b> t\ui^\\ :he 
^anou^ ' Mi^eotioe sea^'enccs t>-a' code fc Iht enzyme thereby r^uxl fv nq 
t^e mi no ac d sequence ot t'^e enzyme The modised subtiiissn ^r\zym% 
(hereinafter, "BPM' vanant®"} useful in the compositions of the present 
invention have decreased adsorption to and tnaeased hyo^-oiys s of an 

W insoluble substrate as compared to tie wiid-typa subtilissn, Certam of 
tHese 8PN* van^ts are described in iso-pending appiication U.S,S.N. 
00/121,43?, filed Sepleinber 1903 by Brode et at 

Tlie subtflisin enzvmes useful in the composittons of this invention 
bobng to a class o* en2vT-«es s-"^ a« proteases A D'c^ase is a catalyst 

2S for 5he cl^avd^w o* pupt!<3c -< o < type J p'-oeas** iS e r^rre 
protease A sef sncs r^olea^^ ui&t ' s*i£C t^y t"':^ f^ct tna^ tne'-e ss an 
essentia sorsnj res ou^ at tha ::w'' & to 

Tnc obse-v::tsc:n that an t.-Zj'm^s '•a^e o* hydro yi>ib cf s^'^i^joe 
.XjM' av^ i" \% ,1 errvf^^e concen^asoi ^ we I oocuT.-nted It 

30 wrula the e^ce seem plaus>!b e tr^at W surface bound substiatos such as 
is encouritered m marty cieaning apolscations, the rate of hydfolysts would 
increase With increasing sui^ace concentration. This has bmn '^hmm to be 
the case (B'^ode P F II! and D $ Ranch lAN6MUS!5?. "Subtitein 
Activity on an Imrobh^ed Subst^'ate" Vol pn, 1325-1329 (1992)) fn 

35 fart I neat dewdence of fate upon surtace conccn^rat.on was tDund for 
ir;sc.uD»e Sx^Dstrat^s when tne surt«ce concentf«li c. enz^ne v^as 
varied. fRubingh. D. N, and U. D. Bauer, "Catalysis of Hydrolysis by 
Proteases at the Protein-Solution interface." in Polyms?? SoiUTiONS, Blends 
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S-^coc^tsrvjly %\;\^u ^i^f^^-q to 3ppy tns DircD,:,- n r^c^ sea-ch tor vanai"t 
pfotcc&as vvhc" g^xe oeae' tabno c,-a-i'->g Dorfuursnc^^ v<,«s asa noi tina 
ihaf tivcyr.t^s v,'"i!Ch acscc 'Tcr& csivo bet:e' rer^ f-^ tact, ws 

S 3v.rprisrrJ>' v^^^t©'^ nod ^'^e oppo&,te to be t^-^>5 .:;cr «,:.oec^ aasorDttO"! 
by an enzyme to a substrate resulted m mcre^ised r/d-osySiS of the 
substrate (ie., better cisaning performance). 

White Rotwi^ins to bs bound by thsory, It Is bsissv^d thst sr?ipfov@d 
pedbrmance, when compafing one vetlarst to ansthef, is a f#suil of Ite fact 

10 that enzymes which adsorb less are aiso less tightly bound and therefore 
!?3Of0 highly sTioblla on tha suffece ffOfB ^Idi the Insoiulsle protein 
stjbstrate is to be r^oved. At comparatoie enzyme soiutson ccmcentrations, 
this Inceased mobility i$ sufficient to outweigh any advantage that ss 
£»ferred by deliva'-'ng a hsgher concentratfon of en2:yme to «he systace, 

15 The mutatsons described heresn a^e dessoned to change (ie 

decrsase) the aasorptson of the en;:ym€' to -'ace-bojnd soiis 1?^ 8PN\ 
the ams"o ac ds ^ro^n position 199 to po$.t!on ;^20 torm a ;ar9a exterioi' loop 
on the cr.z,'rra noiecuiw H has heen disoovefec that ths loop ol3\s a 
ssgs^if ca<-t role in the adsorption of tne enzyme moSecule to a surfgce-bouio 

20 peptide, and spedfsc mutations \n thss loop have a significant effect on this 
adsofptEon. While net wishing to be bound by theory, it is balieved that this 
loop Is important to the adsorption of the 8PN* molecule for at least two 
reasons. First, the amino add$ which comprise this exterior loop can make 
close contacts with any surfaces to which the moleuilo is exposed Second, 

25 the proxirrtity o^ this loop to the active-site and binding pocKet of the BPH' 
moleDJia gsves 't a rote m the catalytlcaliy productive sdsojp^son of in® 
m\zym^. io su-tare-bound suostrates (paptides/pfotein aosis^i 

As used here n "v'arsart" roans an e-^zyme having an amino acid 
sequef^ca whcr< dstt«ri> t\: •'^ r v*. J s 

^ As used heresi, rru:a"l 3PN gere' isea-^-s a ge"^> cod ng for a BPN 

variant. 

As used serein, "wtid-type subtihsin BPN" refers to a s«bt!i'sn 
enzyrrse represented by SEQ ID NOciv Ttia amino acid seguence for 
subtllisin BPW ss funher described by Weils, J A. E. Ferrari, 0. J. Henner, 
35 D- A. Estell end E- Y. Chen. Hucissc Aosds Rssearch. Vol. 11. 7911-7925 
(19SS), irK33rpO{^ted herein by reference. 
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As usee; herssH: m-s term >'sid4ype smsno add s©quanca" 
encompasses S£Q ID NO 1 ss weis as SEQ \D NO " -avsng rnDdltotesto 
th& amino add sequence otner than at my of positions 199-220. 

As used herein, "more hydrophilic amino acid'= refers to any other 
S amino acid having greater hydrophilidty than a suts/ect amino add with 
r«ferenc8 to th0 hydrophiiicfty beiow. The following hydrophiilcity 
table (Table 1) lists amine acids m descending order of mcreassng 
hydrophHicfty (see Hopp, T.P„ and Woods, KR.. TredicSon of Prmm 
Antigenic Determinants from Amino Acid Sequeno&s", Psocgg{3iS*S3S of we 
10 NATtohSAi Academy of Sckncs USA. Vol. 7B, pp 3824-38^8. 1981. 
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Arg-^. Lys-^, Gly^ 
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Tabte 1 ato indicates which amino adds carty a charge (this 
chsrsct^ristfc being based on a pH of Imm abcswt 8-9), The positively 
charged amino adds are Afg and lys. the negatively cha^-ged amino adds 
are Giu snd Asp. and the remaining amino adds are neutral. In a preferred 
ambodimenl of the present invention, the substituting amsno add is either 
neutral or negatfvaiy charged, more preferably r^gativeiy charged (Le,, Glu 
or Asp). 

Therefore, for exarr^ose tne st3t«rnefM ' substitute Gin with an equally 
or more hydropfssHc amsno add which ss mutml or has a negative charge" 
means Gin would be substituted with Asn (which is equally iiydmphHic to 
Gin). o,r Ssr, Glu or ,Asp {whii^ m more hydrophHIc than Gin); aach of 
which are nautrai or have a negalsve charge, and have a graster 
hydrophilidty value as compared to Gin, likewse. the statement "subststute 

BmsiiimmmmiiM 
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Pro With 9 nior0 hydroplifiic ssffsino scsd which i$ f>euff^! or $t ftsgsUv® 
chSfgs" means Pro would be substituted with Gin, Asn, Ser, Giu or Asp 
A. V3r;ants.cornsEieia.M^ 

in one embodiment of the present snveraioii ih& BPN' vanant 
comprises wad4ype amino acid sequence wherein ti^ie wild-type v^msno acid 
sequence at one or more cf positions 199, 200, 201, 202, 203, 204. 205, 
5 206, 207 208. 209 210, 211, 212, 213. 214, 215, 216, 218, 219 or 220 Is 
sut)st!tuled. whereby the BPN" variant has decreased adsorption to, mi 
increassd hydrolysis of, an insoluble substf^t© as fiofnpared to th@ wSd-iyps 
subtsllsio SPN", Pf8f©rsbly, the positions hsving s subst^tutsd sfftlno ®cid 
are 199, 200, 201, 202, 205, 207, 208, 209, 210, 211, 212 of 215; more 
10 pref ersbiy > 200, 201 . 202, 20S or 207, 

Pmfsfafeiy, the sub$tltuti!ig amino add for position 199 Gys, Ala, 
His, Thr, Pro, Q\% Qln, Asn, Ser, Asp or Glu. 

Preferably, the substituting amino add for position 200 is His, Thr, 
Pro, Gly< Gin, Asn. Ser, Asp or Qlu, 
is Pr^3fsrably. the substituting amino acid for position ^01 is Gly, Gin, 

Asn, Ser. Asp or Glu. 

Prefei-abiy, the substituting arnsno acid for pos;tion 202 iS Pro, Gin, 
Asn, Ser, .Asp or Giu, 

Preferably, the substituting amir^o acid for position 203 Is M&i, Cy$, 
20 His, Pro, Giy, Gin, Asn, Ser, Asp or Glu. 

Preferably, the substitutina amino add for position 204 Is Giu. 

PrBfemfely, Ih© substituting amino add for position 20S is Uu, mt, 
Cys. Ala, nKthr, Pro, Gly, Ola Asr^, Ser. Mp or BU 

Praferably, the substituting amino acid for position 206 Pro, Asn or 

as Sar. 

Preferably, the substituting amino acid for positioii 207 is Asp or Glu. 
Preferabiy. the substituting amino add for position 208 Is Pro, Giy, 
Gin, Asn, S^3r, .Asp or Giu, 

Prefer abi>, the substituting amino acid for position 203 is He, Vai, 
30 Met Cys, Ala. His, Thr, Pro, Giy, Gin, Asn< Ser, Asp or Giu. 

Prefefabiy, the SiibstMing amino acid for position 210 Is Giy, Gin, 
Asn, Ser. Asp or Giu. 

Pf^f^rably. tha substituting amino acid for position 211 is Aia, Fro. 
Glfti Asn, Ser, Asp or Giu, 
3g Prefefabiy, thg substituting amino acid for position 212 is Gin, Ser, 

Asp or Giu. 
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Pfftfsfabiy', the subxiiluting smsnc acid for position 213 ss Trp Phe, 
Tyr, Leu. lie. Vai, We?. Cys, ASa, HiS Pfo 0 ; G:?; Asn, Ser, AsporGlu, 

Preferably, tne subststutsria sn-j-o ac a tor po$ ^sor^ 214 is Phe, Uu, 
lie. Val MeL Cys, Ala His, Pro, Giy, Gin. A&a Asp or Glu. 
S Preferably: lh^3 subststutfog amino add for position 215 is Thr, Fro, 

Gin, Asn, Ser, Asp or Giu, 

PrefMabiy, the substituting amino acid for position 216 » His, Thr. 
Pro, Giy, Gin, Asn> Ser, Asp or Glu. 

Preferably, the substituting amino acid for position 218 is U\u. 
10 Prefersbiy, ths substituting amino add for position 219 Is Pro, Gin, 

Asn, Ser, Asp or Glu. 

Preferably, the substituting amino acid for position 220 is Pm, Giy, 
Gin, Asn. Asr;< or Glu 

^y1ore preferabiy, th« substituting amino acid for any of posit5o;~s 199, 
15 200, 201, 202, 203. 205. 20/, 203, 209, 210, 21 1 , ;?12, 213, 214. 215, 216, 
210 end 220 is, v»ifh reference to Table 1 ss neuirsl or negatively enlarged 
and equally or more hydrcphliic, preferably more hydrophllic, than the 
amino acid at the subioct position in wild-type subtllisln BPM", 

More preferably stiH. the substituting amino acid for any of positions 
20 199, 200, 201. 202, 203. 205, 207, 208, 209, 210, 21 1, 212. 213, 214, 215. 
21 21 1 and 220 is Asp, or Giu; and the substituting amino acid for 
poslfior^s 204 or 218 is Glu. 

■^iriants c pmpf1ging„ ^ two amino ^cisf ;§Mbstitytjons 

In another embodiment of the present invention, the 8PN' variant 
25 comprises wild-type amino acid sequence vvheresn the vvild-typs amino aeid 
sequence at two or more of posstions 199, 200, 201, 202, 203, 204. 205. 
206. 207, 208, 209. 210, 21 1. 212, 213, 214,. 215. 216, 217, 218, 219 or 220 
is substituted; whereby the 8Pi^' variant has decreased adsorption to. and 
ino^'eased hydrolysis of, an insoluble substrate as compared to wild-type 
3D subtilisin 8PN*, Preferably, the positions having a sutsstituting amino acid 
are 199, 200, 201, 202, 205, 207, 208, 209, 210, 211, 212, or 21S: mora 
prafarafely, positions 200, 201, 202, 2QS or 207. 

Preferably; tt^e substituting amino add for position 199 is Cys, Ala, 
His, Thr, Pro, Giy, Gin, Asn, Ser. Asp or Glu. 
36 P.re?erably, the substituting amino acsd for position 200 is His, Thr, 

Pro, Gly. Gin, Asn, Ser, Asp or Giu. 

Preferably, the substituting amino add for position 201 Is Gly, Gin, 
Asn, Se,r, AsporGlu, 
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Preferably, the su^sstitutsng smino add for posili 


on 202 is Pro, Gin, 


Asn. Ser, Asp or Giu. 




Preferably, the s^jDs^i^jt-n- s;r:i-: add for positi( 


3n 203 is ^^et, Cys, 


Ala. His. Thr, Pro, Giy. Gin, Asn. S*.- Asp or Glu. 




Preferably, the suDst:tut!ng sn'ino add -'or po^sitiDf 


) 204 ;s .Asp or Glu 


Prererabiy. the substitutir^g ammo add for posm 


on 205 is Uu. Val, 


MM. Cys, Al3, HiS, Thr. Pro, Giy, G!n, Asn, Ser, Asp or Glu. 


Pmfsrabiy, the sufestituting artjino acid for posits^ 


on 20S is Pro, Asn. 


Ser, Asp, ssr Giu, 




Pfefsrsbiyi ih® substituting arnino acid for positiof 


207 3S Asp or Glu. 


Pfer^r^iy, the sybsMng amino acid for positi 


on 208 is Pro, Giy. 


Gin, Asn, Ser, Asp or Glu. 




Preferably the substituting amino add tor po$i^ 


[ion 209 is lie, Val, 


Met, Cys< Aia. His, Thr. Pro. Gly, Gin. Asn. Sef, Asp or Glu, 


Prefsrabiy. the substituting aminD add for posslson 210 ss Ais, Gly, 


Gin. Asn, Ssr, Asp or Glu. 




Preferably, the substltui=ng arnirso a&d for positi 


on 211 is Aia, Pro, 


Gin, Asn, Ser, .Asp or Glu. 




Pr^fersbiy, tho substituting ^tfjino scid for possti 


on 212 is Gin, Ser, 


Asp or Glu. 




Prsfer^iy. tn0 $ui>$tJtyiing amino acid for positi 


on 213 is Trp, Pha. 


Tyf, Uu, «e. Vai, Met, Cy$, Aia. His, Thr, Pro, G!y, Gin, , 


Asn. Ser, or Asp. 


Preferaljiy, the substituting emino aoid for posliii 


3n 214 is Phe, Uu. 


lis, Vai, Met. Cys, Aia. His. Thr, Fro. GSy, Gin, Asn. S®r, Asp or Giu, 


Preferabiy. th® subsmuting amino acid for posit 


ion 21 S is Thr, Pro, 


Gin. Asn, Ssr, Asp or Giu. 




Preferably, the substituting amif^ acid for posit 


ion 216 is His, Thr, 


Pro, Gly, Gin Asn, Ser. Asp or Glu 




Preferabsy, the substituting ansno acid for posH 


:>on 217 Is Uu. Ila, 


Val, Met, Cys, Aia. His, Thr, Pro, Gly. Gin. Asn. Ser, Asp or Giu, 


Preferably. tt^e substlluting amino acid for posit 


ion 218 Is Gin, Bar. 


Asp or Glu. 




Rrsfepably, the substituting asTiino acid for posH 


son 219 is Pro, Gin, 


Asn, Ser, Asp or Glu, 




Preferabiy, the substituting amino acid for posit 


sort 220 is Pro, Gly, 


Gin, Asn, Ser, Asp or Glu. 




More preferably, the substituting amino acid for any of positions 190. 


200, 201, 202, 203. 204. 20S, 206. 207. 208, 209. 210. 211, 212, 213, 214. 
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i " s c than the amro a::fd at the zub^Ba pos!*'on sn d~type tubni $ n 

BPM*, 

S ?v*nr^ pre^c abi s*! I the substitjtr^ ami"'^ acsd fcr an, ot ii 

199 200 201,202 203 204,505 206 207 208 209,210 2}1 21 214 
215, 2ie, 21 a, 219 or 220 ss Asp and Qtu for mmim 217 leu Asp, or 
Glu: and for posstton ^13 !S A$p. 

Vafvants oom onsing at i oast thm^ amjneaoid gMb stitulms 
10 In snothgr enbooiment of th^ or^sent snve tfon the va*^art 

ccmr' ses \,s Id t>pe a')! no acsc s^3Qvi^^ce whe''e»n the Asid *ype antno ace 
scquenc" at "h or IS pc^t'k-^'-'? 1~« 20C TO) 203 204 "2^ 

2(\ :>'^ :j& 210 211 2^2 :u. 2h z^s 213 217 218 ai^^a-c? 

2x.O h Uo,''":^ v^crcr-, tht. B>- N .a^ant has dt-Cfe^ses ad^'^rplson to 
15 and ncOwScd •^vo'-chse of nsoubc s..bstr„fe as cctiDS'^eG 

typ^ s^t:ti'sn Psp\ ^ eteroby the po^kon^ ^ v nq & i^^b&if tr:? ansno 
acd a a?. 2C0 201. 202, 20b, 20"^. 208 209. 21 D 211 212 er 216 
tmm preferably positions 200. 201. 202. 206 or 207. 

Freferafoly. tHe subsittuUng ampo aaci lor pasmon 199 Is Cys. Ala 
His, Thf, Pro. Gsy, Gin, Am, S©f, Asp or G!u. 

Preforafely. l^e sumliluting amsno scid fer position 200 is His, ThTi 
Pro, Gly. Gin, Asn. Ser, Asp or Glu. 

'-'-fcirerab y. #50 sutsstilutsng amsf^o aod for pos^jon 201 is Gly. Gin, 
Asn, Ser, Asp or Glu. 
25 F^-c ^3 abS t-^s substtut'ng amino acid for position 202 i§ Pro Gin, 

Asn. vSer. Asp or Glu. 

^ e^e a \ the ^ubs* Hi ng a Ti.nc < f position 203 Met, Cys, Ala. 
HiS. hf Pro Ci> G n Asn Ser. A^-p or Q\u 

Preferab v, the sub^l.tut^rg amsno aad for positson 2CM js seieiaad 
3C tf ofT the group cc^s sting o* Asp cf Glu 

PreferafoV. ^ subst.tu tng amino acid or position 205 is lau, Vaf, 
Met, Cvs Aia His, Thr. Pro, Q v, Gin Asn, Ssr Asp or G u 

PfsfOESbi^, the substituting ammo ac>d or position 20S is Pro, Asn, 
Se. Asp> orGiu. 

3d rrcf(urab<> the subst^tut ng amsno acio for position 207 ts Asp or Qiu 

Pi etc i^f. :>st tut'ng amiro acsd for position 208 is Pro, Giy, 

Gin, Asn. Ser, Asp or GIsi, 
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Prefersbly, the sufcstiiutin§ ajuino add for position 209 Is lie, Val, 
Mel Cy's, Ala. His, Thr, Pro, Gly, Gin, Asn, Ser, Asp or Glu. 

Preisrabiy. the substituting amino acid for position 210 is Aia, G!y, 
Gin. Asn, Ser. Asp or Glu 
5 P^3fefably, the substituting amino amd for positoi 211 is Ala. Pm. 

Gin. Asn. Ser, Asp or Giu, 

Freferabiy, the stibstiluting amino acid for position 212 Is Gin, Ssr, 
Asp or Gly. 

Preferabiy, ths sufesMng ar^ino acid for positior> 213 Is Trp, Phe, 
10 Tyr, Leu, Us, Val, mi Cy§. Ala, Hi§, Thr, Pro, Gly, Gin, Asn, Ser, Asp or 

Preferably, the substfti4ins amino acid for position 214 is Im, 
lie, Val. Met, Cys. Ala, His. Thr, Pro, Giy, Gin. Asn, Ssr. Asp or Glu. 

Prsferably, the si^siituting amino acid for position 215 is Thr, Pro, 
15 Gin, Asa Ssr, Asp or Glu. 

Preferably, ths substituting amino acid for position 216 is His. Thr, 
Pro, Gly, Gin. Asn, Ser, Asp or Glu. 

Pf«?ferably, m substituting amino acid for position 217 is Uu, M, 
Vai, Met. Cys, Aia, Hss, Tnr, Pro, Gly, Gin, Asn. Ser, Asp or G!u. 
20 Preferably, the substituting amino acid for potMofx 218 Is Gin, Ser. 

Asp or Glu, 

pF^erably, Ih© substituting amino acid for position 219 is Pro; Gin, 
Asn, Ser. A$p <5r Glu, 

Prefarabiy. the substituting amino aoii^ for position 220 1$ Fm. Gly; 
2S Gin, Asn> S«r Asp or Glu. 

l^or« preferably, the substituting amino actd for m »f positions 199, 
200. 201, 202. 203, 205, 206. 207, 20$. 209, 210. 21 1 212, 213, 214. 216, 
216, 217, 218, 219 or 220 is, with reference io Tsble 1. is neutral or 
negatively cha.-ged a^d equally or more hydrophilic, preferably mom 
30 hydrophilic. than the amsno ac;d at th^s suDiect position ;n wl;d4yps subt^llsin 

More preferably still, ths substituting amino ac;d ?or any of poss-tions 
1S9. 200. 201. 202. 203, 20^ 205, 205, 207, 208, ,203 210 211, 212, 214, 
215, 216, 218. 219 or 220 Is Asp or Glu: for position 217 Leu. Asp, or Glu: 
35 and for position 21 3 is Asp. 
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A v'\ige:-r^i ;rSS ^ ccr>:a'--'"p t^^c -a d type s~<DUUsin BPN' gene 
5 {M,tc^i"sar C end J A r.c;? 0:0 I-'^-^ec-nng of Disulfide 

Sonds ;n SubtU!&;n SPN BiOCr<£M!SrftV Vol 26, pp 480?->4ai6) i$ 
tf3nsforni8d ifito EBChBfichis coll £/ifj0-strasn CJ236 sfid a sinQie strandsd 
uracil-containing DNA tstr^pi^t© is produced using Ih® \^GSM13 telpsr 
pnags (Kunkei, T.A., J.D. Roberts and RA Zakour, "Rapid and 8»nt 

10 sfte-spsdfic mutagenesis without phenotyplc selection", (Methods m 
ENSVMOiOGY. Vol. 1S4, pp. 367-382, {1887); as modified by Vuckenfeerg, 
P.D„ F. Witney. J. Geisseisoder and J. McClary, "Site-directed in vitro 
mutagenes-s ussng uracil-cc-ntaining DMA and phagemid vectors". Directed 
Mj"AGSN£i.\s - A PrfACTiCAL APPROACH, M J McPhersoH, pp 2?-48, 

1 S { ' S91 bC't?^ Of wh c^- ar«i sncorDorated t>y r e%rence' A ssngse pnmer 
?iste-«s.'ec:s'Sd mutagener;? rrod fsca*.on cf tne method of Zoilsr and Smsth 
(Zoller, M.J..- ana M Smst*-, "■Oiigonucteotide-d.rectod mutageneses using 
IVI13-derived vectors effsc)sn£ and genera! procedure for the protJuction 
of posnl mutations in any fragment of DNA", Nuctac Acids Ksssarch, Vol. 

20 10. pp, 6487-6SD0, (1982). incofporaled herein by reference) is used to 
produce aN mutants (teicaily as presemed by Yuckenberg, et aL, 1S§i 
above), Oligofvasleotides are made using ars Applied Siosystem Inc; 3808 
DNA synthesiser. Mutagenesis reaction produ^s are transformed Into 
Esch^nchm cob strain {Nnmcm Type Ouiture Collection £ Co/l 

2S 33S25) Ail mutants are con^rmed by DNA sequencing end me isolated 
DNA is sransformed into the Bac</?i/s swfeMs exp'ession st.'-ain 8G2036 
(Vang, M Y E Ferran and D J Henner, {iBB4l ''Cloni.ng of the Neutral 
Protease Geno of Baailus subhhis a-^d the Use ot tne Cloned Gene to 
Create an in lU-'o-deriv^d Deieticn ^^uta^ on" Jou^^mi OF SACTgRsoiooY, 

30 Vol 160, pp 15-21). For some of the mutants a modifieo pSS-5 With a 
frameshift-stop codon mutatton at amino scid 217 is used to prodtice the 
uracil template. Oligonucieotides ere designed to restore the prop^ 
reading frame at position 217 and atso encoded for random substitutions at 
positions 199, 200, 201. 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 

3S 212, 213, 214, 215, 216. 217, 218, 219 and 220 {equimolar and/or varisble 
mixtures of aii four nucleotides for all Ihme bases at thess codons) 
Mutations that correct for the frameshsft-stop and produce a functional 
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enzyme ars identified by their ability to digest casein. The random 
substitutions are determined by DNA sequencing. 

Exampie 2 
Fermentation 

S The Baais'js BL>b!:f;s ceiis (552336! contarsr^ a s^^btslissn mutant of 

interest are grown to m=d~iOQ phsss in a o-^^ bi9' cuilure L.B-qIucoss broth 
and inocuisted into a Bic.'S:3l HD --«r'oe«;~>f {8, Bra-j- B:yezt inc.. 
Aiientown, Pennsylvania) in a total voiums of 10 hters. 7hB fermentation 
media contains Yeast Extract, starch, antifoam^ buffeirs and trace minerals 

10 |see FsRMgr^mTiON: A P^crim, U^prnmn, Ed, 8. McHefl and L, fVf< 
Harvey^ 1090):, Jtm broth is kept at a conMarst pH of 7.0 during tNe 
fermentation run, Chloramphenical is added for antibiotic selection of 
mutagsni^ed ^iasmid. The deH$ are grown overnight M 37*C to an P^OQ t^f 
Bbmi 60 and harvested. 

15 Example 3 

The ferrrisntation broth is taken throuqh the following steps to obtain 
pure enzyme Tne broih s dearea of Baollus sLim!'>s ceNs by 
centrsfugaticn, and c'arsfi^d hy resr-yving fr^e paflsculate.s^ sv;tb a 100K outsff 

20 membrane, Th;s iS tcl ovvea by concentraron on a 10K cutoff memDrane, 
and flow dsasysiS to s-sduce the ionic strengin and aqust the pH to S,5 using 
0.025M MES buffer {2-"{,^'-morphoHno)e!hanesulfonic add). The enzyms is 
further purifsecs by loading It onto either a catlcm excrfiange chromatogrephy 
C3?lumn or an affinsty adsorption chromatography oslumn and eMIng It from 

as 8ie coiurrg^ with a NaCi or a propyier^s glycol gradient (see Seopes, R. K.< 
Proi^in PumFiCATSdN PmNa!>tHs AND PF?ACT!CE, Sprlnger-Verlag, New York 
|1884)> incofporatad herein by refaranca). 

The pNA assay (Del^ar. E.G.. C, Largman. J W. Bfodrick and MC. 
Geoi<as. Ahai. Bsoche.m., Vol. 99, pp. 316-320 (1979), sncorpo.ratsd herein 

30 by rofecence) is ussd to dstermine the active enzyme concentration for 
fractions coik^cied dunng gradie.nt eiution This assay measures the rate at 
which p-nitfoaniisne iS released as the enzyme hydrolyzos the soluble 
synthetic substrate. suficiriyi-alenina-alanine-pfolina-phenyialanine-p- 
nstroanihde (sMPF-^pNA), The rate of production of yellow color from the 

3S hydrolysis fraction Is measured at 410 nm on a spectrophatoirtatar and 1$ 
propoftlona} to the active mt^m concentration. \n Edition, absorbarsce 
measurements at 280 nm are used to detarmim the total protein 
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concerit-aticrv The activs enzyme/total -protsin fatro gives the enzyme 
purity, and is used to identify fractions to be pco.ed for th© stock solution 

To avoid autolysis of the ensyn-s du-- storage,, an equal weight of 
propylene gr/coi iS added to the zoo^Qd USiCiiom obtsins-d from the 
6 chrornaiogfaphy column. Upon con-^p euc" ot ;n<5 pur;?icatior! procsdure the 
purity of the stock enzyme solution is checked Vv'itn SOS-PAGE (sodium 
dodecyi sulfate polyasryiamide gel elecstrophomsis) and the absolute 
en2:yme concentration Is determined via an adive site titration method using 
trypsin Inhibitor type tl^T; turkey egg white pun:tsased from Sigma Che?ni<^l 

10 Company (St, louis, f^issauri). The measured conversion factors wiil show 
which chsn0©$ made in the bm^^ molBcuh at th^ various positions result 
in the enzyme variant having Inaeased activity over the wi!d4ype, against 
the soiubis substrate pHA. 

In prsparation for use, the enzyme stoci< solutiorj ss eluted tnrough a 

16 Sepi":adeX"G25 (Phsrniacia, Piscataway, New Jersey) size exclusion column 
to remove the propyiene giycoS ar^J excnange the buttsi- Tne ^y'1ES buffer in 
the enzyme stock solution is excharsged for 0,1 U Jm buffer 
(Trisjhydroxymethyi-afninornest^^ane) cofstainifig 0,01 M CaC!2 ar^d pH 
adjusted to 8,6 with HCi, AO experirrjents are carried out at pH 8,6 in Tris 

20 buffer trtermostafed at 2S*G , 

H, Chafactoriaatlon Qfmtvm variantii 

Model Surface Pf^oaration 
M^inopropyl controlisd pore glass (CPG) purchased from CPG Inc. 

25 (FaiRl0i<l. New Jersey) Is used as a support for covaiently attachl.ng the 
sAAFF-pNA substrate purchased from 8achem. Ir-c: (Ton'ence, California). 
ThB reaction is carried out in dimetriyl sulfoxide snd (1-ethy[-3-l3" 
(dimsthylamino) propyl] carbodiini;de hydi-ochioride) (EDC) is us&d ss s 
coupling agent Upon comptetioii (rcntLvred by pNA assay), the excess 

30 solvent is removed, and tne CPG-.sAAPF-pN.A is nnsed with dimethyl 
sulfoxide (DMSO) and doubly-distiliad water This is foilowad by ovan 
drying with a N2 purge at about 70*C, The reaction scheme and 
preparation of the immobilized substrate are sxjnducled as dascrlised tsy 
BnDde, P.F. III. and D,S, Rauch. "Subtilisin BFN'; Activity on an Immobilised 

3S Substrate/' Ian<3*4UIR. Vol 8, p, 1325-1329, {19S2), incorporated herein by 
feference. 

The CPO surface wli! have 62,000 ± 7.000 pHA moieeules/pimS, The 
surface area wiil remain sjnchangsd from the value 0? 50,0m^/g reported by 
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CPG iric for the CPG as received. This suggests that the procedure used 
to add sMPF-pNA to CPG does noi dsft^age the porous structure {mean 
dfsmel^rls48SA). 

Example 5 

Using CPG:&AAPF~pHA, sdsorpbon o^' an enzyme vanant and 
hydrolysis of a CPG-bourxi peptide can be measured in a single 
experiment. A small volume of enzyme variant stock solution is Bddfid to a 
flask containing Tris buffer and CPG:sAAPF-jsMA which has been 

10 degasssd. The flask is shaken on a wrist-action shaker for a period of 90 
minutes during whldi the shaker is stopped at various lime interva!$ (for 
exan^piSj ev^ry 2 titinutss during ths ssriy stsges &i ^dsofptiors hydrolysis * 
e,g., the nmi 2Q minutes - and evsry 10 minutes towards the end of tiie 
experiment). The CPG:sMPF«pNA is allowed to settle and the solution is 

IS sampled:. Both ths fexperlmenial prdcedure and the calculation of the 
adsonstion and hydrolysis are conducted as described by Brode 0t 1992, 
above, 

A;| ens-ymes are monftored for stab:lity agssnst autolysis and should 
show no appreciable autolylic loss ove'- tr.v ts.-ne cou-sc of this experiment, 

20 Tnerefore. enzyme adsorption ca^^ be delerrri;i&d by measuring solution 
depletion. The differe,nce between the initial enzyme yanant concentration 
and the concentrstian measured a! each Iridivlduai time point gives the 
amount of enz^e variant adsorbed. The amount of pNA nydroiy^ed from 
the surface is maasumd by taking an sbsofijance reading on an aliquot of 

25 the sample at 410 nm. Th« total amount of pNA hydrolyxed Is calculated by 
addirtg th© amount sampled snd Ihs amount rsrnaining in the figsk. This 
value is corrected by subtracting the amount of pUA that i$ hyd-s-oiyzed by 
Tris buffer at pH 8.6 when no ensyme is present This base-hydroiysis 
ranges from of the total hydroiysas depending on the eflScienc^ of the 

30 enzyme. 

Soiubia Substrate Kinetic Analysis 
The rates of hydrolysis of the soluble substrate sAA,PF~pNA are 
monjtored by measuring the adsorbanca increase as a function of time at 
35 410 nm on a DU-TO spectrophotometer. The enzyma concsntration Is held 
constant and p"epared to be in the range of 6*10 nanomolar while the 
substrate concentration is varied from $0-700 iM sAAPF-pMA for each 
kinetic detemiination. An adsorbance data point is taken each second over 
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a period of 900 second:? and ine dais, are traf.sfw-red k> a Lotus'^ 
spreadsheet (Lotus Devaiopment Corporalsori, Cambridge, Massachusstls). 
Analysis for ksnetic pararneters i$ conducted by tns standard Lirisvvsaver 
Burk analysis in wh;ch the 4aiB in the snss'ai pan cf :he run (generaliy the 
•5 tsrst minute; are M to a iinear regress csn ;\or.e :c gsve Vq Tne vv, ar^d Sq 
data are plotted in the standard inverse fashion to give and kj^i, 

BPN* variants of the present invention whtdi iisve deaeaseci 
adsorption to and increased hytolysls of surface bound substrates am 
10 exemplified in Table 2, below. In descri^ng tiis specifrc mutations, ths 
original amino aoid o^rring sn wild^type is given frrst^ tiie ^sllton ntsriber 
secof^d, and the substituted amino acid tiiird, 

„ rmiEi 

15 Exarrigia BP M' Variants ■ 

-Singie f^^utation*- 
Aia2i6Giu 
Aia216Asp 
Ala216Giy 

20 Vsia03Siu 

-Double Mutation- 
IlsSOSLeu + Ala2l6Glu 
Ile20SLeu + Ala2l6Asp 
25 ProinCAla ^ Gly2j.5Thr 

Tyj-214Phe Tyr2l7Asn 
Gin2D6Glu Ala2l6alu 
Ala21€Glu -i- Try2nLeu 
G;Xn206GIu + Tyr2l7Leu 

m 

-Triple Muletion- 

Gln206Pro + 01y2ima -s- Ma216GlU • 

36 -Quadruple Mutatlon- 

Vsi2C3CCa + Gin20&Giu ■^ AXaL^l (--G^u * rycCHLeu 
Vsl303Glu ■+ Pro2iOAi.a AX&::6G^-J + ?\x::i?Leu 



5 Mutation- 

40 VaUCOGlu + GXn206Glu Gly2l5Thr + MaSloGlu * Tyr2i7L«u 
Val20'i3iu 4- Pso2iOAla ^ Giy2iSThr + AXa216{3lu + Tyr217L6u 

i^- Fabric Clesnino Oompasitton Materials 

The fabdo ciaaning Ofmposiiions of th« present invention also 
4S oomprise, in addition to tiie BPN' variants described he"^inbafora, one or 
more cleaning composition materials compatible with tiie protease enzyme, 
SUBSTITUTE SH^rr (RULE 26) 
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The term "cieaning compositson materlai", as used heres" f^s^saf^s any hqusd 
s.^!.d or pasoous matenas seiectec' t-^e oa-; .^-L-j- typ:,- of ; oa-^ng 
cofTposm-' aesired and the form r- r^--^ r i^-; o cjo g-a-^Je, bar) 
wh p-^ateriais are a'T? ccmpaS v. -/i-; BPH vansnt usees sn the 
5 conpcsstson, Th^3 soec ' c se:«'- - «'^n ng composition maierlais are 
reaoily maoe by cons denng the faorsc lO fee cleaned, and the desired form 
of the composiiioo for the cleaning condition during use (e.g., through the 
wash oetergent use) The term "compatible", as used herein, means the 
cleaning composition matehais ck> not reciuce the proteolytic soiivity of the 

10 BPH variant to $uch an extent that the prot^m^ is not effective as desired 
during normal use situations. Specie cleanir^ composition materiais are 
ex0f!iplff!ed in detail hefeinafter. 

As used r^ercn Isbrc cleaning composition" refers to all forms for 
detergent composi.ons for cleaning fabrics, inciudir^ but not limited to, 

15 granular kurfd a'Ki bar forms Pr-3ferrod ^amc clesns;\^ compositions are 
those in the isqusd form. 

Aj^ used he-e.n "sfiective <iiv-j"-A of onzynie vaf^ant' refers to Ihe 
quj?nl!ty 01 enzv'?iw varsa-n necessary to acneye the enryrnatc activity 
necessary' =n the specifsc cisansng composition Such effective amounts are 

20 readily ascertained by on© of ordinary skiil m the art and is based on many 
factors, such as ihe particular enzyme varianl usa^, the cleaning 
^plioatidn, the speclo corfipQsilioh ef the cleaning composition, and 
whether a liquid or dry (e.g., granular) composition is required, and the ilke. 
PreferstJly the cfeanln§ o^positsons of the present mvennon comprise from 

2S about 0,0001% to about 10% of one or more enzyme vafs&nts, more 
pref^blyfrom a&out 0 001% to about 1%. more crsferably sXi\\ trcrn absjt 
0.01% to about 0 1%. Several examples Df various cleaning compositions 
Qf the present invention are discussed in further detail below. Ail pans. 
sfer::entsaes and ratios used herein are by weight unless othens^ise 

30 specsfied. 

The enzyme variants of t^e p^esant invent;on can be used with 
various conventional mgredsenls to provide fuliy-formuiated fabric 
laundering compositions. Such compositions can be in the form of liquids, 
granules and the like Such compositions can be formulated as modem 
36 "concentrated" detergents which contain as much as 30%-80% by weight of 
surfactants. 

The fabric ciean!n0 compositions herein can optionally, and 
preferably, contain various anionic, nonsonsc, zwjtterionic. etc.. surfactants 
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Suc^> ?>.^c2cto- arc wotcaWy pre$eit at leveis from abou-t 5% to about 
db% ot the camposmom 

NonSfT.it-ng examples oi suffaclants m<?M ^ere.n .nduac^ the 
conventionaf Cii-Cie ai^-i feenzens sulfonates and p"i=Ary arj /andon 
alky{ sulfates, me C^O'Cn secondary {2.3) aiS^yi suifetj-s r-f trso ^omu.as 
CH3(CH2|x(CHDS03rM-)CH3 and CH3(CH2)y(CHOSD3'M^) CH2CH3 
wherein x and (y+l) are integers of at least abom 7. prefe^ab^' at least 
about S. and M is a water-soitibilklng cation, espedaify sodiurt^/the Cr- 
C18 a:kyi afko>y sulfates (especially EO 1-0 ethoxy sulfates). Cio^Cts aiHyl 
a!.oxy ^arbo<y!a!^s (especially the EO 1*5 ethoxycarboKyiates), m Cto- 
C^S sU.yf polyg ycosidss and thesr corresponding sulfated polyglyeosides 
Cl2~Ci8 3lD-a-s.'*c-^ted *atty ^c«d esters. C^2'0n and alky! phanoS 
akovyhtos ^espscsliy et-oxvtates and naed ethoxy/propoxy) Cij-Ce 
bstasrcs c-d autobetasr^es { sy.la^nesl C-^O'Om ^^^^e ox-d^.^. ar-a tne 
UHe. Ins alky alkoxy sulfates (AES? ann a-kyi akoxy carbDx.iates (A£C) 
are preferred herein. (Use of such si,na::tants i« ccmr^inatic-i w.th the 
aforesaid amine oxide and/cr bstaina or sultasne s^rfas^ar^ts sl$e 
preferred, depending on the desires of the formulstor,) Oths- conventjonal 
iisefui surfactants are ilsted in ^m^ard texts. Particularly ussfuf 
surfactants indude the Cio-Cts N-methyl gtueamides disclosed in US 
Patent 5, t94,63§. Connor et al,, ?s$usd &!arch 16. 1§§3. incotporatad 



n by r 

A svide variety of otne^ ingredients useful in „„ „_„„,^ 
cofDj:-s:tsons can be Inciudso m the c::>mposl{!ons herein, indud^ng otner 
act>ve i-nrediems. car-e;« hydrotfopes, processing asds. dyes or pigments, 
solvents for i>qu.d fonruJations. e^c If an additional IncrBment of syds'og ;s 
desired, suds boosters such as the C^O'Cie alKo-an,des can^bs 
incorporated mm tne compositions, typscaiiy at about to about 10% 
levels. The Cio-Ci4 monoethanol and diethanol amsdes i^sust-ate a typiosi 
dass of such suds boosters. Use of such suds boosters mih hgh sudsing 
adjunct surfactants sud? as the amine oxides, betaines and sulfasnas noted 
above Is aiso advantageous. If desired, soluble magnesium salts such as 
mgC\2, mS04, and the hke, can be added at levels of, typically, from about 
DJ<J< to aoc.t 2%, to p'cv.de eddftionslly sudsing. 

The |-q-j>d fabr c c;ea"-r5 compositions therein ca-i contain water and 
othr solvents as earners Lew moie^u;^ we^gnt penary or secondary 
alcohcis ejcemphfted by methanol ethanol, propanoS. and isopropanoi are 
suitable Monohydrjc aicehois are preferred for solubiil^ing surfactants, but 
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poiycls sucn as ihoss containing from about 2 ?o about B carbon atoms and 
froH: about 2 to about 6 hydroxy gro-os (eg, 1,3-prop3nsd;oi, ethylene 
glycol, glycerine, and 1,2--propa-^ed;;^ ca- a De ;.;sf;c: The compositions 
may contain from about 5% to about i-O'-. tvpicaJy from about 10% to about 
S S0% of such earners, 

Tne fatjfic cleaning compositions herein will preferably be fortriulated 
such that during use in aqueous cleaning operations, the wash water mil 
have a pH b^'^n about B.8 and about 11.0. Finished products thus am 
typfcally fofmuiated at ihss range. Techniques for controlling pH at 

10 recommended usage teveis include the use of buffers, alkalis, acids, etc., 
and ar0 well Hnovm to those sktlied m the art. 

When foftBulaSng tha labric cieartlng compositior^s of tha prssant 
invantlon, the fornr^ulator may wish to employ various builders at levels from 
about 5% to about 50% by weight. Typicai builders include the 1-10 mioron 

IS zeolitos< poiycarboxyiates Such as citrate and o)(y<3{succinates, layered ' 
silicates, phosphates, and the like. Othar conventional buildars are listed in 
standard formularies. 

Likewise, the fcrmul-ator may wish to employ various additional 
en?^,'me$. such as ceiiufases, lipases, amylases and proteases in such 

20 compositions, typically at levels of from about 0.001% to about 1% by 
weight Various fabric care enzymes are vifeH-knovs?n in the lauridry 
detergamart. 

Venous bleaching compounds; such as the pefcafbonales, 
perborates and the Iska, oar^ be used In sus^ compositions, typically at 

2S levels from about 1 % to about 1 $% by weight. If desired, suc^ compositions 
can also contain bleach actsvators such as totraacetyl ethylenediamine, 
nonanoyloxybenzene sulfonate, and the like, whidi are also known in the 
art. Ussgs levels tyoicaliy range frorri about 1% to abrxn 10% by vveight. 

Various soil release agants, especsally of the anionic oligoester type, 

30 various chelating agents, espe;:ialiy tt^s am;fK-5phosphonates and 
ethylenediamlnedlsuccinates. various clay soil removal agents espeaaily 
ethoxyiated tetraethylene pentamins, verious dispersing agents, especially 
polyacf^latas and polyaspsrstates, various brighteners, especially anionso 
brighteners, various suds suppressors, especially silicones and secondary 

3S alcohols, various fabrlo softeners, especially smectite clays, and the like can 
all ba used In such compositions at levels ranging from about 1% to about 
35% by weight. Standard formularies and published patetits contaiti 
multiple, detailed descriptions of such conventional materials. 
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Enzyme s:aDi iC's riAy <iKc r's? used r clrc-j-^c corpcss'sc^-'s 

i pre e-aD > fi -^r ^ > a:^c^ " "o-^^ ; t >p!OV <^ I, It'^T! 
ax t >^ tc 3bDii a-: vic'.-^s , e v^.-^lv from about 0 1% 

S to about 1%). 

The granular fabnc deaning compositions of m prossnl invention 
comm m e?fectsve amount of q^b or more enzyme vafiSi^ts of the present 
invemion, pre%rab!y from ai>out 0 001% to about 10%, more pj^ferabty fron 
10 about 0 005% to about 5%, mor^ pr#erab!v f-'c-n ebOvil 0 01% to about 1% 
by we gi* of active e-^zvrr^ 0* the compo^^itfO'^ \r add t on 10 c"^ or more 
enxyne ^sr!::nt« me ^jranular fabnc de?ni-g ccrfTDOSi* ons typicaHy 
conp s l<^-^* one <;..'^actc:f"t c^e of rore t?..ild<5 s aicj n so-^s cases 
a foieaching aqsnt 

1S: T'-e pranuila, fabfc cleaning compcsitic-^ emix>d>ment of the present 

inyention is illustrated by the lotiowing examples. 
Examples 7-10 
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In Examples 7~S, tiia SPf^' vafisrtts recited in Table 2, amor^g others 
are substituted for A!a216Glu vw*h substantially ssmiSar results 

n h^aTc^es 9 "C anv coniD^nation osf the BPN* vaffams recsied in 
Koi*^ 2 a-mij ct^^ers are s^Ds^tuied Ala2l6G!u and Gln20SGIu -J- 
Tvr217UM, With Swbs^tantfalSy s rrs'ar re^^lts 
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11 


Mm 
12 


ipl® No, 
1^ 


14 




GlnSOSGiu -J- ^a216G!u * Tyr2l7Uu 


G;1P 


0.20 


&M 






Pro21DAIa + Qly21SThf 






0,® 


o.os 




Ci2 aikyi benzene sulfonate 


12.00 


moo 


12.00 


12M 




ZeoIHe A (1-10 micrometer) 


2S.O0 




2S.00 


26.00 




a-bi%i octanolc sad 


4.00 


400 


4.00 


4.00 


to 


Ci2-Ci4 secondary (2,3) aINyi sulfate. 


s.oo 


S.OO 


S,DO 


S.OO 




Na salt 












Sodium citrate 


5.00 


5.00 


S.00 


S.OO 




upifoai ongnisrssr 


0,10 


o.to 


0.10 


0,10 



17.00 17.00 



in Examples 11*12, the WW vanants mm In Tabia 2, among 
! for GloSdSGiu * AI^16G|y * Tyr217Uu, with 
ufts. 

In Examples 13«14, any sombinatbn of the 8?N' variants racited in 
Tabte 2. among others, ara substitytsd for Gtn20SSIy * Ala216Gly * 
Tyr21?Lau and Pro2tOAIa * Gly215Thr, with s 
Exampie$i.S.andl8 







m 


Linear alky! benzem stiiphonats 


1 114 


10,70 


Tallow alkyi suipnats 


1.S0 


2,40 


Ci4.l5sSkyl suiphate 


3.00 


3.10 


C14.15 aioonol 7 tim€ss athoxyla 


ttd 400 


4.00 


Tallow glooho! 11 Ismas ethoxyis 


m m 


tm 


Dispersant 


O.OT 


0.1 


Silicone fluid 


0,80 


0.80 


Tnsodium Citrafe 


14.00 


15.00 


Citric add 


3.00 


2.S0 


Zeolite 


32.50 


32.10 


Maieic acid acrylic add copolyrr 


m S.OO 


500 


Diethyiene triafning penta meth^ 


'lene 1.00 


0.20 


phosphonic acjd 
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ASa21 6Giu -t- Tyr21 7l8u 0;30 OJO 

Lipase 0.36 0.40 

Amyias.e 0.3Q 0,30 

Sodium sssi-ate 2 00 2.50 

Sodiu?^ sulphate 3.50 5.20 

Poiyvinys pyrfc!;done 0.30 OJO 

Perborate 0.6 1 

Phenoi $ulphonala 0.1 0:2 

FefQxidssa 0.1 0,1 

Minors Up to 100 Up to 100 

Soci^n ' nc a- C 12 aiky ! bsn^ene^sulfenate 6.S 8.0 

Soci^m su fat^ IS.Q IB.O 

ZsofiteA 26.6 210 

So^kn ' r blfHs^e^ate 5,0 §.0 

PQly%' nyi rvrrohdon^ 0.6 0,7 

Boric add 4,0 

Phenol sulpnonate 0.1 0.2 

llo2e5Leu + Aia21$6lU 0.4 Q.4 
Fils^^r^f^sg.srtioat^s. carbonates; pgrf^mes; UiJtolGO UplolOP 

Example 19 

AlK> S> 'rhatfr 8.0 

yixt^ re of a d C45 cicohof 3 and 7 times ^thoxyi^ted m 

PoiyhydfTxy faUv acd amide :2.S 

Zeolte 17.0 

lav^^-ad S{! cate^oitrate 16.0 

Caroonate 7.0 

MsSsic ac d aay.io acios copolymer 5.0 

Soil'^'&asopoS'^e 0.4 
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Carboxymethyi ceiluiose 


0.4 


Poly (4-v;nyipyridine) -N-oxIds 


0,1 


CopoSyftigr of vinyllmidatote and vinyipyrroHdon® 


0.1 


PEG2000 


0,2 


v'ai203Giu - Gfn208Glu + A)a216Glu 4 Tyf217Leu 


OS 


lipass 


m 




0.2 


Wac^tytethytens ^iamism 


6,0 




22.0 


tthyte© 4lmm disucclnlc add 


0.3 


$yds suppressor 


3.5 




0.2S 








0,OS 


Wslsf) Fsrfufn^ snd Minors 


Upto too 


Exampla 20 




CompoTient 




Linear a;kvl benzene «ulphc"ate 


7.8 


ClS-Cis3^^y^ sulfate 


13 


C 14.1 5 alcohol 7 times etnoxy fated 


4.0 


CooMlkyKlimslhyi tiy«^oxyelhyl smrnonium chfend® 


14 


Oisper^ant 


0,0? 


Silicons nuid 


0.B 


Tfisodium citrate 


5.0 




15,0 


Maleic acid acrylic a&id copolymer 

Disinyisns tr^anisn® panta fnathyl^'is pHosphonis ^cld 


4.0: 

0.4 




15.0 


Tetrascetytethyle-ne diamine 


5.0 


Smsct te day 


10;O 


Poly (oxy eshyiene) (?>4W 300,000) 


0.3 


Tyr214Ph«4Tyr217Asn 


0.4 


Lipase 


0.2 




0.3 


CelluSase 


Q2 


Sodium silicate 


3.0 


Sodium carbonate 


1D.Q 
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Carboy yfTiethyi celluiose 


aa 


BrsQlitenefs 


0.2 


Water, perfyme and miriots 


UpfolOG 














Linesr alky! benzene sulfonate 


6.92 


Tailow alkyUulfate 


2,0s 


Ci4-t5 alcohol 7 times eihoxylated 


4.4 


C12-1 S ethoxy sulfate - 3 times ethoxyiated 


0,18 




20,2 




5.S 




WA 




3.0 


Maleic add acryiic ac;d copoiymsr 


4.0 


Carboxyme^hy! cetiulase 


0,31 


Soil release poiymer 


0,30 


Val203Glu ^ Pfo210A!a * Giy2l6Thf * Aia2tBGiu t 


0,2 


Tyr217Uu 






0,36 




0.13 


Perborats iatfahydrats 


11,64 


Pafborat® rno?ioHydrst0 


8.7 


T0lraacetyiemyten$ ^mmm 


m 


Disthyi©n8 trsfr^ln© panta n5®thy! phospNonic acid 


m 


Msgnsssurn sulfate 


0,40 




0;19 


Perfume, silicone suds s-jcD;c?SDrs 


0,8S 


Minors 


Up to 100 



liqufd fal^rtc cloaning composfeons of tlie present indention comprls© 
an fi^ffgctive mmunt of one or more mzyme vsnants of the present 
invanfion, prefarabfy from about 0,00S% to about B% mom preferably Irem 
aboyt 0.01% 10 about 1%, by weight of active enzyrn^ of m composition. 
Such Ist^uld fabric cieanlfjg coHiposltsons typicaSy additionally comprise ^ 
anionic siiffastant, a fatty aoid< a water-soluble datergenoy builder and 
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Th^3 isquid fabnc cles?-jfng compos'lion embodiment of Ihe present 
invention is iliustrsted by th« f^viow «>.-3--d e$ 
ExamDies 22-26 



a Example No. 

Component , „ 22 23 24 25 26„ 

G!n20SGb'i-A!a216G!u + 

TyraULey OW 0.03 QM om 0.1D 

PfoSiOAta * Giy21STr^ „ „ „ 0.01 0.20 

10 Ci2~Ci4 8lkyisutfste,Ma 20.00 20.00 20.00 20.00 20.00 

2rbutyloetanoicacicl 5.00 5.00 S.OO 5.00 5.00 

Sodium citrate 1:00 1,00 1.00 1.00 1.00 

Cioalcoho!0thoxylalef3) 13.00 13.00 13.00 13.00 13.00 

Monelhanolsmine 2.50 2.S0 2.50 2.50 2.50 

15 Water/Drqpylene.QjvgQ!MMQO^^ ^^c^ to 100% 

in Hxampssss 22-24 the B»N' vafjanis f^dted in Tsble 2, among 
others, are substituted for Gln2C'6Giu A!s2l6Giu ^ Tyr217Leu, with 



in Exampies 25-26, any combination of the SFN' variants recited in 
20 Tebte 2. among others, are substftuted for Glrt20SGIu + Aja216Giu * 
Tyr217Leu and Pro21DAia + Giy216Tnn with s 



llguid: Fabric C 

21 ^ 

C.-|2.-t4ateiylsucci?^fcaCid 3,0 SO 

Citric add monohydrats 1 0.0 1 5.0 

Sodium C 1 2~ 1 5 ^^^^yi suiphaiie 8 0 8 0 

30 Sodsum suitiate o:~ Ci2~i 6 aicohol 2 tsmes eihoxytated - 3.0 

Ci2~15a^^^oliO! TtimesethDxviated • 8.0 

C-^2-l5«^co^ol5timessthQxy!atsd S.O « 

Diethylene triamine pants (methylene phosphonic add) 0.2 

Oleic acid 1.8 - 

3S Ethanof 4.0 4:0 

Propanediol 2.0 2.0 

Ala216Glu^Tyr217Uu 0.2 0,2 

Polyvinyl prroiidona 10 2.0 



wo $S/2?<>79 
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Suds $uppressDr 
NaOH 



PhBnai suiphonaie 



Waters and minors 

In each 
Table 2, among 



0.1S 0.1S 
up to pH 7.5 
0.6 1 
0-1 0,2 
0.4 0.1 
up to 100 pans 
27 and 3 herein, ths 8PN'' variants recitsd in 
for Ala216Glu 4Tyr217Leu, with 



10 




Exanipte No. 



Componsnt 


29 


30 


31 


Citric Acid 


7,10 


3 00 


3.00 


Fatty Add 




2 00 


2-00 


Eihsnoi 


1-93 


3.20 


3,20 


Boric Aeid 


2.22 


3.50 


3. SO 


Mofioethanolamine 


0-71 


1.09 


1.03 


IjS f^ropanadiol 


7.m 


8.00 


8.00 


NaCumens Sulfonate 


1.80 


3.00 


3.00 




om 


0>0S 


0,D8 


NaDH 


BIO 


3,80 




Siiicon anti-t'oafT, agent 


1.16 


1.18 


1.18 


Alaai6Glu 


0.0145 






Als2l6Giu t TyF217Uu 




0 0145 




Gfn2C^Giu ^ Afs216Glu Tvi217Uu 






0-0145 


lipase 


.200 


.200 


.200 


Celiuisse 




7-60 


7-SD 


Soil release polymer 


0.29 


0,15 


0,1§ 


L^tf-foOTing agents 


0.06 


G.06S 


0,085 


Bft0ht®!ier 36 


0,095 






Bnghtsnsr 3 




QM 


0,05 


C<|2 aikyi benzen^sulfonic acid 


9.86 






Ci2.l 5 a^fcyi potyethoxyiata ^2 J) sulfate 


nm 


18,00 


laoo 






§.00 


5.00 


^12-13 polyalhoxyiate (S) 




2.00 


2.00 


Watar, perfume and minors 


bal 




m 



mmmmmmmmm 



2S 

Bar 'abnc ci^anmg compositions of the present jnvention 5U;tobte for 
n3:>:;"V'vash;n9 sored fabr;cs cr^r'.ta.n gn effscyve amount d on© or n^ors 
enzyme variants of the preser^t invention, preferably froiii about 0.001% to 
S about 1 0% more preferably from about 0,01 % to about 1 % by weight of ih& 
cofT^position. 

The bar fabric cseanim^ composition embodiment of the prmmi 
Immtm Is illustrated by the foliowEng exsmplas. 

Emmpimmm 
10 _ Barbie C\&mm Cmuo^nons 
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34 


iple No. 
35 


36 




0.3 




01 


002 


Tyr214Phef Tyf21?Asn 




0-3 


0-4 


0.03 


Ci2~Ci6alkyi sulfate, Na 


20,0 


20 0 


20 Q 


20 00 


Ci2-Ci4 N-methyi giucamids 


5.0 


5 0 


6 0 


5-00 


Ci 1 ~C 1 3 alky? ben^ier^.e sulfonate 


Na 10.0 


100 


10 0 


10.00 


Sodiurt-) caroonatss 


2S.0 


26 0 


as-0 


2S-00 


Sodium pyrophosphate 


?.o 


7 0 


7.0 


7 00 


Sodiunr> tripolypr^ospnate 


T.O 


7-0 


7.0 


7-O0 


Zeolite A (D.1»,1G^) 


5.0 


5.0 


5.0 


S.OO 


CafbDxymetliylc0Hulo$0 


0.2 


0.2 


0.2 


0j20 


Folyacrylate(!V!W140D) 


Q.2 


0,2 


0.2 


Q2Q 




5i0 


S.O 


5.0 


BM 


Bfightensr, psffum® 


0.2 


0.2 


0.2 




CaS04 


1.0 


1.0 


1.0 


100 


MgS04 


1.0 


10 


10 


100 


Water 


4.0 


40 


4.0 


4.00 



balance to 100% 

30 *Can be setected from convensent materials sur:h as CaC03. taic. day. 
sliicatos, and the iik@. 

In exampie 33, tK&- BPH' variar^ts reoted m Taoie 2. among others, 
&r& sutsstituted for Va!203Gi». with substantially similar results 

In Exampie 34, the BPH' vanants recited In Table 2, among others. 
m are substituted for Tyr214Ph8 + Tyf217Asn, with substantlaily similar 
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In Exarnpf,5s 35-36, any combination of {he BPH' varisnte recited in 
iaoiB ^, among others, are J^ub: tit-ted for Vai203G^u a^.d Tyr2i4Ph8 * 
Tyr217Asa with sybstsntialiy <:;^f7iii3r f^^sults 

mile particular embom^s oi the subject n,^nUon have been 
disdo$04 ft will be Obvious to those .sk.hoa -n tnc- at that various change, 
and modifications of the suDject invention can be msde without deoaninq 
from the spirit and scope of the invention it is .mended to cover ' .n t^i 
appended claims, alf such modificaSlons that are wiihin the scope of the 
invention. 



SliBSIilUTE SHEET (BULg 26} 



27 




ih) m-X>1i!H TYPE; Floppy aiSJs. 

atsntXn R®i«sis« #1.0,: 




<a;> timzi ROOF, cari.. 




4S 



Sin «®r m m m ^It^ ii« iy? ia« hU &s« 

His ser GX» (Sly Tyr Tbr 8iy S«y h»n V&l tys Vsl ftia V&i lis 

20 2S 30 

S5 ser Sly Xle Mp Ser Sac His l»ro top Lsu Vsl AM Sly 
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Cly T-;r Hi;3 V&J Gly T'v V-xl s,;:< »Ia L&v kBn h'M^ Sar Il<a GIv 

6S 70 -}$ SO 

V^l Low Gly val fro S«r A^a Star Le^i Tyr ftia val U-» Val Le« 

8S 90 M 

Sly Ala J^sp Sly Ssf Ciy OXn Tyc Ser Trp XXe XX« jftsn Glji> lie «lu 

iOG iOS :ilO 

trj* Ma n« ^Is mn mt mp Vai lie mn mt s©s S-eu ©Xy SXy 

115 ISO i2S 

Pre S«!J Gly Siir iil.^ .l.au U's ^lU-s A^a Asp U's Va^ Sis 

13:0 13S 140 



ISO iss im 

SXjf Pro Gi« X«« asp V*I mt Us fto Siy yaJ. Ser Si« G^n S^s nix 
1S5 2Q0 20S 

Sly Aan Lys Tyr Cly Ala fys' sly "hr s«r HeZ kl& Ser 



'III 



AM 



tJjs wOd-tjpe mrnm mi 
5 199,200, 201,202.203, 
204, 205, 206, 207, 20a, 209, 210, 211, 212, 213, 214, 215, 
216, 211,219 or 220 IS s 



vi. 
vii. 



I smm &ad for pomm 199 h Cys, Aia, 
His, Thr, Pw, Oly, Gin, Assi, Ser. Asp or ©is; 

sufetkuting ammo sicsd fer position 200 is His, Ik, 
Pro, Gly, Gltk Asn, Ssr, Asp or Gb; 
wl58Si a substitutbn occurs ai posstion 20 K the 
subssimtlng smba acid for position 201 is Giy, Ote, 
Mn, Sef , AsporOlu; 

when & subsmutioii occurs at posmon 202, the 
substituting amino add for poshioa 202 Is Fm, Oa, 
Asn, Ser. Asp or Gfe; 

when s substJtutioTS occurs position 203. the 
substituting m&m add for posstsos 203 is Mst, Cys, 
His, Pro, ay. Ola, Asn, Set, Asp or (Ha; 

poi^ion 204i the 
0 acid for posidbs 2M is 0i«; 

at portion 205, she 
substitissjig amifto add for position 205 is U«, Met, 
Cys, Ala, Hs, Thr, Pro, (Hy, Gin. Asn. Ser, Asp or 

m; 

^tn & substitution occurs as position 206. the 
substituting smino acid for position 206 is Pro, Asn or 
Ser; 

when a substitution occurs at posiuor. 20?, the 
subsiimting amisio add for position 207 is A^p or G)u; 
when & substitution occurs at posidoR 208, the 
subsriru^ing sjnine acid ibr position 201 is Pro. Gly, 
Gin. Asn, S«r,Asporau; 
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xi when a sub-^itutior. occurs at positio« 20% tbe 
substituting amirjo 8d4 for posuion 209 is Vsl, 
Met, Cys, Ala, His, Thr. Pro, G!>\ Gk, Ser, Asp 
orGlu; 

)di when substitytioi^ occurs at posmorj 210, the 

substituung a:n{ni> acid for poskios 2\0 h Gl>% GJr, 

Asn, Siir, Asp or Gi«; 
xlis whes a subsmunor. occurs &i positior. :is. the 

substituting amino gcid for posiiion :u js ^^a, FfO, 

Gin, Mx\ Ser; Asp or Qiu, 
xjv when 3 substuutior; occurs at positsor, 212, the 

sub.v,irut':nr ^srino acid for position 212 Is OIn, Ser, 

Asp or Giu' 

3£v whets a substitudon occtsr^ ai positsar. xh& 
sufeststutsng atnmo acid for position 213 is Trp, Fhe, 
Tyr, Leu, lie. Val, Met, Cys, Ala, Fro, Gly Gia, 
Asa, Ser, Asi? of Ghx; 

xvi. when s substiturioR occurs at po^aoa 214, the 
substttuJtng assilRO acy for pmmn 214 Is Fhe, Lea, 
Be. Val. Met, Cys, AJa, His. Pro, Gly, Ght, A^a. Asp 
orOiu; 

xvii. when a substitutbn occssrs at position the 
substituting amino acid for position 215 h Thr, Pro, 
Oln, ASfV Ser, Asp orGlu; 

xvui, when a substimtitm occur,'; at positsori 2;?>, the 

substiitJting anuno acid lor posincn 21& is Ek. Thr, 

Fro, Gly, Gin, Asn, Ser. Asp or Giu; 
xjx whes substitutsr^r, occurs at pc^shion 21?, the 

.substituting ani!r,o acid tor posinor. 218 is Giu, 
xx wijen a substitution occurs at position 219, the 

substituting ammo acid for position 219 is Fro, Gin, 

Asn, Ser, Asp; or Glu; and 

substituting smmn md for posttion 220 is Pro, Gly, 
G!n,As3i, AspofOlu; 
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chafaams;c'd \n that the BPK' vsriam has decrease 
adsarptioa to, and increased hydfoJysL^ of, an msoluble 
substrate as corsiipared to wUd*type subtilisss B?N'; md 
0j) one or mors dealing composnion materials compatible with 
theBPM' variant. 

a v-f^en a 1 1^' o-i s> ^ p-suo^ :0<"^ the suDs^tutisg 
b C! N ^ ^ ! ' pcs'tio 2M 'he <?ah^ J 3»rg 

anjro aud fo* poiuo) 214 1, ^eu Ik Mc* i,S'^ 4Js 
His, Pro, Gly, Gfe, Asis, Asp or Giu: md 
d when a subsiitutson oceun. at posstsan 215, the sw^snmsg 
sjsjso acd f£tr s?6smon 215 is Pro, Gin, Asit, Sen Asp m G!u. 

3, The fabne dsatsng csompoimsn of Ckstn; ^, ciiaractemjed m that 
TVfeea pomm 216 is substituted, Oly 3S sutouted for Ala at posmon 216 

4 The fabnc ckamng conspo'^mo' vfChsr c^aruts^~^ea '■'hat 
when a Hu^isn ,^*iO ocs;ir<^ a" one or m^i^e pum'sous, "-'^ y 2 > "iZ ^ 
2Dr,2U 2i :n ::i \ 2.1 2V> 214 2.*^ 21c? 21^0 :20 hi suh't.tu i-^, -rmn^ 
add^O 2^\-t^-aKmP^ 23n :r: 201 2^^ -^'r X'^ 2!" 21C 2 1 21^ 
2ir 4 2 21 ■?]^>o''22d & \i.po Glu andwhe a s^bwii CvC'-s at on*, 
or tv, > ct poNi iO"H 204 or 20S the \ubs£.t4its% amira a*, d Tor pos i ,,0*« 0 218 
is Gi . a-cs Vi,h8fe}^ a suostitatiO'i preferably occtirs at one mors nf oo<;<t5nf s of 
W 2 : 20% 20'" 205, 2C? 208 20?, 2i0, 211, 212 or 2.5, more prMk^ at 
ortfi Of we af posnioss 200, 201. 202, 205 or 20^ 

<i The febnc cieamsg composiooa of Qaim 1 hmng a smg)e anano acsd 
substmmon craraetenxsd m that the substitution is 
a- Olu for Ala at ^smoa 216; 
h. Asp Ibr AJs at posmon 216- or 
c. Glu for Val at possuon 203 . 

6 A fabrsc deanmg comsosst son cotnrsnsmg: 



32 



(a) a BPN" V3 an' ?cmpns*ra \v!J-t\'pg amine acsd 

mr3;?ms£?d n t\„J tre wUd-Trpe amsno add sequence at two 
or more of posjUisns m, 200, 201. 30:, 203, 204. 206, 
207, 208, 209, 210. 2^ L 212. 213, 214, 2i5. 3Ks 217, 218, 
2i$ or 220 h subsiitutsi, charactsrbsd m that 



i 



sib-tituuns anyno 5«d for posUion 199 b Cys, Ak, 
IL, Thr Pk\ G.v, Gin, As , Ser, Asp Of Gb, 

:curs g: posstsoa 200, the 
> acid for posaicn 200 Is HiS. Thr, 
Pro Giv, A.sn Se 4j:p Glu, 
V'.K-r -i s.H-xxixo- ccci b a c.^^itn-s 2r\ tne 

Asn, Ser. Ast» or ixiu; 



substsiming m&m add for pomon 202 is Pro. Oa 
Asa Sen Asp Of Olu; 

203, ths? 
J 1$ Met, e^, 
AJa His, Thr Fro, Gly, Ok Mn, Ser, otOIy, 

posison 204, the 
nim&MpiitQlm 
205, &s 

substitming smino scsd for posUion 205 is Leu, Va!, 
Met, Cys, Aia, His, Thr, Pro, Gly, CBrt. Asn. Ser, Asp 

orGlu; 

v-htxr * S^'lito- v\v ^ Di".*ioi 20t\ the 
s at!, S'-'. f<i. -jv, c for "ios.r on is P^r asji, 
i>er, As.p. or Giu, 

^Ahe^' a j.^i' 'ut 0 - -^^c. » a po^ ;3on 2''"*. tre 

substituung amino sdd far posmon 20S is Pro, 
On. Asncif Ssr; 

x^hss a subsntution osxurs at D:>s;t < n ::C'\ t,^. 
substituting ajTuno acsd for posstjcr 2!,J^ ^> He 



Met, Cys, H-s, Inn Pro, Giv, 61n. Aisn, Ser, Asp 
orGlu; 

vvhen a substJiuuc'i occurs ai posjtjon 2U\ the 
substhutmg amjno add for posstioa 210 ss Ala, C?l>, 
GIs, Ass,S«r, Asp or Olit; 

whea a substltytson occurs at posiaort 211, the 
subsmun^s ST,}no aad fo' posnor 2!i j^; Ak Fro 
Qm. Asn. S&r. Asp or Qlu; 

wr-sn d substuutjon occurs at po$mon 212, the 
^ab^nsming add for position 212 is Gk Ser, 
AsporGlu; 

wh«n 8 subsuftjtjon Ovairs at posmos 213 the 
substiturins am.ir ac^d for posstton 2B Tjp, Phe, 
Tyr, Leu, \ ' lvs Ala, His, Thr, Pro, Oly, 
Gin, Asn, Ser. .\sp or Giu; 

:cur,s at posstsos 214, 
> a«d for positior, 214 ts Phe, Leu, 
Be, Val. Met, Cys. Ala, His. Thr. Pro, Gly, On. Asa or 
Ser; 

subststetisg aiaino actd for ppsmoP 215 is Thr, Fro, 
OIn, A^a, Ser, Asp ^S^'^^ 

suJ)Stitatt«s ammo acid for position 216 is Hs, Thr, 
Pro, <3ly, Gla Asn^ B^r, Asp ordu; 

ssifastituimg siaino acid for posuoj Lea, Be, 

Val Met, Cvs Hjx Trr Pro G\ G ^ Asn Ser, 

whe\ a s^bstitutJOK occurs &i position 2 IS, the 
tjtuujg asmo add &f position 218 is Gla, Ser, 

Asp or Gk; 

suDstftut'tig sTmo add toj posmojj 2 19 j& Pri^, Gin 
Asji,Sen Asporaiu;snd 
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xxsi when & sybptittstkm occurs 3t voaUfm 2:o, the 
subsuiuriag ammo add for position 220 Is Pro, Gly, 
Gin. Asn, S«r, Asp cfGiu; 
characterised m O^ai ihe BPN' \vu-:as:t has dc-rv?.s<'d adsorpJioss 
to, and iMsed hydrolysis of, ,<.n sn^^luble mbstme as 
compared to -wM'typt mbtlMn BPN'; snd 
(b) one Of more cte 



i m that the 



The ?i 


ibric deanit^g coRip 


osiiion of Claim 7 chafacterisei 


i \n that the 


5ns '<Lx^ 








a. 


Aia for Pro at posi 


tios 210 and Thr tor Gly ai po,^i 


don 215; 


b. 


PheforTyratpos 


ition 214 and ^Vsn &r Tyr 3t pos 


ition217, 


c. 


Giyfor<^aatposi 


tioR 216 ai^d Uu jor T>t at poiition 217; 


d. 


Le« for m ai position 205 asid Glu ft^r Ala at posit 


ten 216; 




Leu ferflest posit 


ion 20S and Asp for Ala at posit 


:iOft216; 


£ 


Gh for GlR at position 306 and Glu for Als $t posI 






Asp for AJa at po! 
or 


5it!DB216andLeaforTfy8tp 


osttios 21?; 




Olu for Gin St posi 


tiofi206andL««forTryatposi 


itJ0Js2!?. 



The tsbnc c!«an=ng composition of Claim 1, ch&r<icttM in ihM 

a. whe!T a substitution occurs at pesiuon 206, the sabststuring 

m\ino acid &; poii-lon 20^ is Glu, or Ssr; 
fe. when a substitjjison occurs a? posuiofi 210, the substjtutmg 

amino scid for position 2I<3 ii Gly. A?r., Ser Asp or Gb, 
c when a substitution occurs at position 311, the substituting 

amino acid for position 21 Us Pro. Qln, Asn, Ser, Asp or Glu; 

amino acid for position 214 h Im, li^ Vat, Met. Cys, Ala, 
ms. Fro, Gly, Qln. Asn, Asp or Gly; md 
e. when a substitution occurs at positiorj 215, the substituting 
amino add for position 2 !5 is Pro, Gin, Asn, Ser, Asp or Glu, 
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10 The Ibhik ciectniny composilsofj of Oasm 6, ch3r.-?cTers?.ed sn th&i 
when s siihiutixtlu-^ occurs, at positic 199, 200, 201, 202. 201 20-1, 20r.. 206. 207, 
:,0S. 209, 250, 2) 1, 2i2, 214, 211 216, 217, 218, 219 ot 220, the s^jbstituring amino 
acid forsrsy of positions IVO, 2C0 20K 202, 203. 204, 205, 206. 207, 208. 209. 2U), 
211 212, 214, 215, 216, 21", 2 in, or 220 k or <3)u; and whci) a 
siibstjtution occurx at po^itiosi 21?, the substirutmg mo add Jor posltior. 213 is 
Asp. snd wherein a subsikution preferably occurs aJ two or more of pQsitbm 19% 
200, 201, -202, 205. 207, 20B, 209, 2i0, 211, 212, Of 21% more preferably a 
substitutiofj occurs at two or more of positions 200, 201, 202, 20S or 207, 

U . The fabnc cleaning composition of Claim 6, characterized is ihat Qh 
Of Asp is subsHimed for Ala at position 2 16 and Uu Is substituted for Tyr at posimn 
217. 

12, The &fenc dMg somposstbn of Claim 6, charsctrad m that the 
ivjld-ty|se BPH* is substituted st tisrse positions. 

O. The fabric desning composition of Ckim i2 wherem the three 

a. Pro substoed for Qln at position 206, Ala stibstituted for Q\y 
at posttioss 21 1, and Glu substituted for Ala at positioe 216; 

b. ¥al substituted for iJe at position 205, Ala sisbstituted for fm 
^ lioshiois 210, substto^ 

6. Olu subsstoted for Gl« at position 206, Glu substituted ;fer 
Ala at posstson 216, a«d Leu for Tyr stt posMos 217. 

14. The fabric cleaning composition of Claim 12 dmxmrM h that 

a. %vhe?^ a sub.'stiwtioa occurs at povition 206, the substituting 
aniino acid for posifion 206 is Asn or Ser; 

b. v.'her5 iubstituoor; occurs at position, 210, the s:J^mmtm% 
arr>ino add tb: position 210 is GK', G\n, Mn, Set, Asp or Glu, 

c. vvheri s substitution occurs at position 211, the substituting 
ami«o add for position 211 Is Pro. Gin, Asn, Ser. Asp or Gfo; 

d. when a substitution occurs at position 214, the substttutmg 
amino add for position 214 is hm, Ih Val, Met, Cys, Ala, 
His, Pro, Oly, Gin, Asn, Asp or Glu; md 
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V when a subst.tytjOTi occurs a' posjtio^ Cf^, the - .bsLkkn^ 
a'^Wit sad ^'of pessis J: .> !s Pr^^ Gi" Sv' \v ^^^^ 

5 5. The t^bnc ckam«g cosnposstson of Cbjm o. characterised srj tis&t the 
w}Id-typ« BPN* is subststutsd at fou pos (lons or five ps?$!t ons 

30 Txe fab«c cleaning co posmon of Omm 15, whemn th« 
stibsMutsom sr$: 

8. 0lu substoed for at pdsitiOfi 203, Glu substituted ibr Gl« «t possti^sn 
20o, Qlu substituted for Aia at position 216 and Leu substituted fbr Tyr 
atpositJdnSI?; 

b G!u substiuitsd for Val at position 203, A!a substituted for PfD at powjon 
210, Okt &u»bt'* *teii €( M& at posuson 216 and Leu iubstita i<d l>r 
at positsyrsii?; 

c Glu <s.*bvtitu'ei \ 1 X 0-^ Ci >!i vsVrr ted for 0.nat poSJtiOn 
20t> Thr St h'^^it e ' ".Kmiitsd for AJa st 

po^moi2U' and I n> s h-. kr . - a. pt.MtiO "P.or 

d G ti sub';U(uted Vai »r xjssnon 2 Ala vd^^utut&d fo-^ PiO at pomon 
210. Jhx s.ubsttiuted to Glj at position 21S, Clu subsfttuted fci AJa at 
positiots 2 :1^, and Laj substituted for Tyr at poshion 217 . 

n. The fabric ctosg composition of my of Ciaima i through 16, 
ctesctsmed tn that said jsotnposidos 3$ m tht fom &f a fiqujd> 

18 Txhs fabnc cleamrg eompositior of ans of Cia^ms 1 t iiougls i», 
wherem the compositaon oompnses M least about $% surfaaant and at least about 
5% builder, by wei^tof the compositjon, 

h) A mf-^v' !v? i,i?i t, Loci ■>^i ""o'^o^ ^.cmprsin^ 'tacti^g % 
hhnc i . need of cfesrsnt. mttj .he ^,oti£?a£i*>Oi^ or i \aim ) Urou^h 18 
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